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Molecular Dynamics Studies of the Ubiquitin Conjugation Mechanism
Serban Zamfir.
Chemistry and Biochemistry, James Madison University, Harrisonburg,
VA, USA.
Post-translational modification of proteins can have drastic effect on their struc-
ture and function. One such modification involves the attachment of a small
protein, ubiquitin. An important function of ubiquitination is to signal proteins
for cellular degradation. This process occurs in three enzymatic steps. In the
second step, ubiquitin transfers to a conjugating enzyme, called E2, which
then transfers ubiquitin to a lysine in the target protein. However, the mecha-
nistic details for this final transfer remain obscured. Although it is clear that
ubiquitin does bind, there are no studies that show exactly how this happens.
The two most favored proposals involve a step-wise mechanism with a tetrahe-
dral oxyanion intermediate and concerted mechanism. This work probes the ac-
curacy of the oxyanion hypothesis. In particular, if the oxygen on the observed
carbonyl carbon can form a stable hydrogen bond with the hydrogen on the ni-
trogen of the asparagine side chain, then oxyanion intermediate is plausible. By
using molecular dynamics (MD), combined with umbrella sampling, a free en-
ergy profile of the formation of the breaking and forming of the hydrogen bond
is constructed to see if its creation is thermodynamically favorable. Further-
more, information about the hydrogen-bonding environment in the active site
is extracted.
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Proteolysis of Abnormal Prion Protein with a Thermostable Protease from
a Hyper-Thermophilic Archaeon Thermococcus Kodakarensis Kod1
Yuichi Koga1, Nami Shimizu1, Akikazu Sakudo2, Shigenori Kanaya1.
1Dept. of Engineering, Osaka University, Suita, Japan, 2University of the
Ryukyus, Nishihara, Japan.
The abnormal prion protein (PrPSc: scrapie-associated prion protein) is
considered to be included in the group of infectious agents of transmissible
spongiform encephalopathies. Since PrPSc is highly resistant to normal ster-
ilization procedures, the decontamination of PrPSc is a significant public
health issue. Tk-subtilisin is a subtilisin-like serine protease identified from
a hyperthermophilic archaeon Thermococcus kodakarensis KOD1. Among
the subtilisin family of proteases, Tk-subtilisin has significant high heat stabil-
ity with its highest specific activity at 90C and a half-life of 50 min at 100C.
In the present study, a hyper-thermostable protease, Tk-subtilisin, was used to
degrade PrPSc. Although PrPSc is known to be resistant toward proteolytic
enzymes, Tk-subtilisin was able to degrade PrPSc under extreme conditions.
The level of PrPSc in brain homogenates was found to decrease significantly
in vitro following Tk-subtilisin treatment at 100C, whereas some protease
resistant fractions remain after proteinase K treatment. Rather small amounts
of Tk-subtilisin were required to degrade PrPSc at 100C and pH 8.0. In
addition, Tk-subtilisin was observed to degrade PrPSc in the presence of
sodium dodecyl sulfate or other industrial surfactants. Although several
proteases degrading PrPSc have been reported, practical decontamination
procedures using enzymes are not available. This report aims to provide
basic information for the practical use of a proteolytic enzyme for PrPSc
degradation.
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Kinetic Characterization of Human Liver Phosphofructokinase
Amanda Tindall, Gregory D. Reinhart.
Biochemistry and Biophysics, Texas A&M Univ, College Station, TX, USA.
Phosphofructokinase (PFK) catalyzes the phosphorylation of fructose 6-phos-
phate (F6P) to fructose 1,6-bisphosphate in an ATP dependent reaction. This
reaction represents the first committed step of the glycolytic pathway and as
such plays an important role in metabolism. In liver, this regulation is espe-
cially interesting, as hepatocytes can alternatively perform gluconeogenesis
or glycolysis. While PFKs from the livers of several mammalian species
have been characterized, human liver PFK has never been thoroughly exam-
ined. The gene encoding human liver PFK was synthesized and cloned into
an expression vector utilizing the tac promoter. Human liver PFK was ex-
pressed in an Escherichia coli cell line, RL257, which contains no native
PFK. The protein has been purified to a specific activity of 45 U/mg through
a combination of ammonium sulfate precipitations, heat denaturation, and
anion exchange chromatography. Initial characterizations indicate that human
liver PFK is inhibited by ATP more substantially than rat liver PFK, a well
characterized mammalian PFK. Additionally, pH changes modify the binding
of F6P to a greater extent than in rat liver PFK. This work seeks to quantify
the kinetic and allosteric behaviors of human liver PFK and contrast those be-
haviors with those of rat liver PFK. This work is supported by NIH grant
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Use of 2-Photon Fluorescence Correlation Spectroscopy and Electron
Microscopy to Ellucidate the Dependence of RLPFK Self Association on
Ligand Concentration
David Holland, Jeng-Yih Chang, Junjie Zhang, Gregory D. Reinhart.
Biochemistry and Biophysics, Texas A&M Univ, College Station, TX, USA.
Phosphofructokinase (PFK) catalyzes the first committed step of glycolysis.
Allosteric regulation of PFK makes its activity, and thus glycolysis, sensitive
to intercellular metabolic conditions. Regulation of PFK from liver is complex
because of the liver’s responsibility to maintain glucose homeostasis, which
means that glycolysis and gluconeogenesis must be regulated reciprocally.
Allosteric regulation of PFK activity is achieved by modifying the binding af-
finity of its substrate, fructose 6-phosphate (Fru-6-P). However, in vitro studies
performed on rat liver PFK (RLPFK) suggest that at physiological concentra-
tions of Fru-6-P RLPFK activity is negligible even in the presence of known
allosteric activators. Additional mechanisms must exist to account for the ac-
tivity required to support flux through glycolysis. The smallest active oligomer
of RLPFK is a tetramer, however fluorescence polarization studies have previ-
ously demonstrated that at a physiological enzyme concentration both Fru-6-P
and other activators stabilize species much larger than a tetramer. A Weber
linkage argument predicts that the highly associated species would demon-
strate a higher affinity for Fru-6-P resulting in activation. RLPFK exists as a
tetramer in the dilute enzyme concentrations necessary for in vitro activity as-
says whereas, at physiological concentrations, RLPFK can be highly associ-
ated. 2-photon fluorescence correlation spectroscopy (FCS) and electron
microscopy have been used to quantify the oligomeric state of RLPFK at
high and low enzyme concentrations. FCS performed on alexa-488 labeled
RLPFK suggests a complex self-association behavior in the presence of Fru-
6-P. Electron microscopy indicates that, in the presence of Fru-6-P, rat liver
PFK can form long fibrils that consist of up to 36 PFK tetramers extending
over 200 nm in length. These effects are counteracted by MgATP, a known
allosteric inhibitor of the enzyme. Funding: NIH-GM33216, NIH-CBI and
Welch-A1543
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The Isolated Large Subunit of E. coli Carbamoylphosphate Synthetase De-
viates fromKineticMechanism and Allosteric Behavior of the Holoenzyme
Robert Koenig, Gregory D. Reinhart.
Biochemistry and Biophysics, Texas A&M Univ, College Station, TX, USA.
Carbamoyl Phosphate Synthetase (CPS) from E. coli is a heterodimeric enzyme
translated from the CarA and CarB genes. The polypeptides formed from these
transcripts are 42kDa and 118kDa, respectively. CPS catalyzes the synthesis of
carbamoylphosphate through activation of bicarbonate by one equivalent of
MgATP priming bicarbonate for the addition of ammonia; the carbamate is
then phosphorylated by a second equivalent of MgATP. The product of the
CarB gene contains two active sites, both are functional as partial reactions,
one is responsible for bicarbonate activation by MgATP and the amination
of the activated bicarbonate using an ammonia source (glutamine in vivo),
the second site is responsible for phosphorylation of carbamate and is distal
to the heterodimer interface. The binding site for allosteric regulators is located
on the large subunit proximal to the phosphorylation active site. The smaller
subunit contains the active site for deamination of glutamine and is not manda-
tory for the activity of the sites on the large subunit. Previous work demon-
strated the reverse of the phosphorylation partial reaction of CPS, formation
of ATP from MgADP and carbamoylphosphate, is equilibrium ordered and
responsive to allosteric ligands. In this work we provide evidence that
removing the small subunit, thus relieving interfacial constraints 45A˚ from
the active site, results in reduced allosteric effects. Data shows that the kcat
for the ATP synthesis reaction has decreased by 7-fold with no discernable dif-
ference in Kia. kcat ¼ 6.9 sec-1 in holoenzyme and 1 sec-1 for the phosphor-
ylation in isolated large subunit. The Kia determined for MgADP in
holoenzyme is 510 mM and 700 mM in the isolated large subunit. Supported
by the grant GM 33216 from the NIH.
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Free-Energy Landscapes of the Translocation of a Substrate in Four
Proteasome - Activator Complexes Analyzed using Molecular Dynamics
Simulations
Hisashi Ishida.
Quantum Beam Science Center, Japan Atomic Energy Agency, Kyoto, Japan.
Proteasome is involved in the degradation of proteins. Proteasome activators
bind to the proteasome core particle (CP) and facilitate opening a gate of the
CP, where Tyr8 and Asp9 in the N-termini tails of the CP form the ordered
open gate. In a double mutant (Tyr8Gly/Asp9Gly), the N-termini tails are
disordered and the stabilized open-gate conformation cannot be formed. To
Wednesday, February 11, 2015 533aunderstand how proteasome is responsible for the efficient proteolysis of the
substrate, four different molecular dynamics (MD) simulations were carried
out: ordered- and disordered-gate models of the CP complexed with an ATP-
independent PA26 and ordered- and disordered-gate models of the CP com-
plexed with an ATP-dependent PAN-like activator. The free-energies of the
translocation of a poly-peptide substrate moving through the gate were esti-
mated using an MD simulation program called SCUBA developed by the Japan
Atomic Energy Agency (JAEA). In the ordered-gate models, the substrate in
the activator was more stable than that in the CP. The conformational entropy
of the N-termini tails of the CP was larger when the substrate was in the acti-
vator than in the CP. In the disordered-gate models, the substrate in the acti-
vator was more destabilized than in the ordered-gate models. The mutated
N-termini tails became randomized and their increased conformational entropy
could no longer increase further even when the substrate was in the activator,
meaning the randomized N-termini tails had lost the ability to stabilize the
substrate in the activator. Thus, it was concluded that the dynamics of the N-
termini tails entropically play a key role in the translocation of the substrate.
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Development of a Novel Assay for Pink1-Parkin-Miro1 Pathway
Sungjin Park1, Julian L. Klosowiak1, Alexander V. Statsyuk2,
Sarah E. Rice1.
1Department of Cell and Molecular Biology, Northwestern University,
Chicago, IL, USA, 2Department of Chemistry, Northwestern University,
Evanston, IL, USA.
Mutations in the parkin and PINK1 genes are a major cause of autosomal
recessive early-onset Parkinson disease (PD). Several studies have shown
that PINK1 phosphorylates Parkin, Parkin substrates, and ubiquitin, thereby
stimulating ubiquitination of proteins on the mitochondrial surface (i.e.
Miro1) by the Parkin E3 ligase. The ubiquitinated proteins then are degraded,
which signals for mitochondrial clearance. Although it is imperative to under-
stand these events at the molecular level, current biochemical methods are
cumbersome and lack the resolution to answer these questions thoroughly.
Most importantly, physiological E2 partners for Parkin ligase are contested
in the field. Here, we report a novel assay to study the PINK1-Parkin-
Miro1 pathway that fundamentally addresses the aforementioned problems.
In our assay, the ubiquitin c-terminus is chemically activated as a thioester
that can undergo transthiolation with the catalytic cysteine of the Parkin E3
ligase, thereby directly charging ubiquitin to Parkin E3s without the need
for E1, E2 and ATP. We demonstrate that this simplified two-component sys-
tem recapitulates two native functions of Parkin, Miro1 ubiquitination and au-
toubiquitination. This simplified E2-bypassing assay will be generally useful
to study the Parkin mechanism and to screen small molecular Parkin activa-
tors to treat PD.
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Modeling the Effect of Direct PKA-PDE Binding in the Formation of
Localized Microdomains of Camp in Adult Cardiomyocytes
Britton W. Boras.
Bioengineering, San Diego, San Diego, CA, USA.
The b-adrenergic pathway in cardiomyocytes activates protein kinase A (PKA)
to phosphoregulate several Ca2þ handling proteins, including the L-type Ca
channel, ryanodine receptor, and sarco/endoplasmic reticulum Ca2þ-ATPase
(SERA) (via phospholamban), resulting in inotropic, lusitropic and chrono-
tropic responses. Recent studies have postulated a role of direct phosphodies-
terases (PDE)/PKA-Regulator (R) subunit interaction to regulate PKA
activation in various compartments of the cardiac cell. This interaction is con-
trol by A kinase anchoring proteins (AKAP)s that select for specific isoforms.
In this study we used in vitro kinetic experiments with 3H tagged cAMP,
purified R-subunits, and PDEs to quantify this interaction and explore its spec-
ificity both for RIa and RIIb with PDE3 and PDE4 isoforms. The experimental
results were combined with a new Markov Model of PKA activation using Vir-
tual Cell, a finite volume solver, to suggest the physiological impact of
including this interaction. This new regulatory pathway and PKA Markov
Model will be included in a whole cell signaling model of cardiomyocyte acti-
vation in response to beta-adrenergic stimulation.
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Monovalent Cation Dependence on the Kinase Activity of Salmonella
Typhimurium CheA: Experiment and Modeling
Marie Balboa1, Michael Turvey1, Joseph Falke1, Kene Piasta2,
Margaret Hurley3.
1University of Colorado, Boulder, CO, USA, 2Brandeis University, Waltham,
MA, USA, 3US Army Research Laboratory, Aberdeen Proving Ground,
MD, USA.CheA is a multi-domain histidine kinase which has been demonstrated to play a
role in the chemosensory array in Escherichia coli, Salmonella typhimurium,
Thermotoga maritima and related enterobacteria. The P4 domain of CheA is
of particular interest due to its role in catalyzing ATP/ADP conversion, a pro-
cess which involves Mg2þ in the ATP-binding pocket of the enzyme. Recent
studies in GHKL superfamily members MutL (from E coli) and BCK (from
Rattus norvegicus) demonstrate improved activity in the presence of monova-
lent cations Naþ and Kþ. Here we present results from a combined experi-
mental and computational analysis to assess the effect of monovalent cations
on the activity of Salmonella typhimurium CheA and subsequent phosphor-
transfer to response regulator CheY.
2699-Pos Board B129
Computational and Experimental Characterization of Intramolecular
Regulatory Interactions in Hck
Matthew P. Pond, Sunhwan Jo, H. Clark Hyde, Michelle H. Wright,
Lydia Blachowicz, Francisco Bezanilla, Benoit Roux.
Department of Biochemistry and Molecular Biology, University of Chicago,
Chicago, IL, USA.
Src family kinases (SFKs) are a group of nine non-receptor tyrosine kinases that
play critical roles in cellular transduction pathways. These highly sought after
therapeutic targets are prevalent and promiscuous; therefore, they must be
tightly regulated to prevent unchecked signaling cascades. Inter-domain inter-
actions that hinder kinase function are key SFK regulatory mechanisms, and
detailed information about these interactions is integral to understanding how
these enzymes function.
Hck is a SFK primarily found in cells of hematopoietic lineage and is among
the most well studied members of the family. Crystal structures of Hck in
the down-regulated form and solution studies detailing catalytic responses to
regulatory domain displacement provide a robust framework for characterizing
the regulatory interactions. Adding to this knowledge, we provide fundamental
information on Hck regulation by measuring binding free energies of the native
domain-peptide interactions. A combined experimental and computational
approach was used to complement and expand the usefulness of the data.
The results were compared with bulk FRET measurements made using the
full-length kinase to observe how these interactions are modified in the context
of the protein.
Given the high degree of homology among family members, it is unsurpris-
ing that SFKs have some redundant or compensatory functions. However, it
has been shown that even the most closely related members of the family
cannot always substitute functionally for one another in vivo and the differ-
ences responsible have yet to be fully elucidated. Our results lay the ground-
work for comparative analysis between different family members and are
expected to aid in identifying features that distinguish these enzymes from
one another.
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A Nudix Hydrolase Necessary for Mycobacterium Tuberculosis Survival
under Oxidative Stress
Kerstin A. Wolff1, Andres H. de la Pen˜a2, Hoa T. Nguyen3,
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Despite a constant decrease in tuberculosis (TB) incidence rates, nearly two
billion people worldwide are estimated to have latent TB. Five to ten percent
of people with latent TB will develop the active form of the disease. Of the
estimated 8.6 million new cases of active TB in 2012, 1.3 million people died
of the disease and 450,000 developed multidrug-resistant TB. Resistance to
oxidative stress is essential for Mycobacterium tuberculosis (Mtb) survival
in host macrophages and the onset of latent TB infection. We have identified
a Nudix (nucleoside diphosphate-linked moiety X) hydrolase, RenU,
necessary for Mtb survival in oxidative stress environments. We show that
RenU preferentially degrades adenosine derivatives over other nucleoside de-
rivatives. Through a novel fluorescence based assay, we also determined
that RenU prefers NADH as a substrate over NAD. Furthermore, we show
that RenU is required for Mtb survival within macrophages. The link be-
tween RenU, NADH, and Mtb survival warrants further investigation as it
could be the basis for novel therapeutic approaches to prevent and combat
latent TB.
